We report a proof-of-principle experiment on distant clock synchronization. in which relativistic effects, such as the rotating disk problem, have to be taken into consideration. Einstein protocol is a two-way method, hence, it requires (1) an accurate knowledge of the one-way speed of light, that until now has not been measured conclusively on rotating reference systems and (2) the light propagation path to be the same in each direction.
this method is not practical for space applications. Recently, the nonlocal characteristics of entangled states have brought attention for possible protocols of high resolution clock synchronization [5] [6] [7] .
In this letter we wish to report an experimental proof-of-principle demonstration of a new concept, based on the nonlocal feature of entangled states, that can be practically implemented for certain metrology applications such as high-accuracy one-way synchronization of clocks and high-accuracy positioning.
Our method relies on the measurement of the second order correlation function of entangled states. In particular, we consider the entangled photon pairs produced in a continuous wave (CW) pumped spontaneous parametric down conversion (SPDC) [8] . Very roughly speaking, the process of SPDC involves sending a pump laser beam into a nonlinear material, such as a non-centrosymmetric crystal. Occasionally, the nonlinear interaction inside the crystal leads to the annihilation of a high frequency pump photon and the creation of two lower frequency photons named as signal and idler. The creation time of either signal photon or idler photon is unknown; however, if the signal photon is registered at a certain time, the detection time of the idler photon can only happen at an unique precise time.
In the reported experiment, both the signal photon and the idler photon are in the form of continuous wave, i.e., ∆t = ∞, nevertheless the time correlation measurement of the signal-idler at distance of 3km has shown uncertainty in the order of picosecond.
According to quantum field theory, the probability of having a joint photo-detection event at space-time points (r 1 , t 1 ) and (r 2 , t 2 ) is proportional to the second-order correlation function of the fields [9] 
where E (−) and E (+) are the negative-frequency and the positive-frequency field operators of the detection events at space-time points (r 1 , t 1 ) and (r 2 , t 2 ). For the two-photon entangled state of SPDC, G (2) (r 1 , t 1 ; r 2 , t 2 ) can be written as the modulus square of a two-photon effective wavefunction, or biphoton:
where | 0 stands for the vacuum, and | Ψ is the state of the signal-idler photon pair [10] .
The two-photon effective wavefunction is calculated to be:
where F τ 1 −τ 2 {f (Ω)} is the Fourier transform of the spectrum amplitude function f (Ω),
, and u j is the group velocity at frequencies ω The G (2) (r 1 , t 1 ; r 2 , t 2 ) function for the two-photon entangled state of SPDC is thus
This function, depending on τ 1 − τ 2 is independent of the chosen reference coordinates: it is a Lorentzian invariant [11] . The spectrum amplitude function of the SPDC, f (Ω), provides all the information about the spectrum and the correlation properties of the signal-idler pair and it has been well studied [8] [12] . In the collinear case, for type-II and nondegenerate type-I SPDC, the spectral function is calculated as f (Ω) ∼ sinc(DLΩ/2), where L is the length of the crystal and D = 1 us
is the inverse group velocity difference for the signal and idler. For an 8mm LBO crystal pumped at 458nm (type-II), the estimated width of
is about 800 femtoseconds. For collinear degenerate type-I SPDC, the spectral
, where D ′′ is the second derivative of the dispersion function of the nonlinear material. In this case, the width of
femtoseconds for the same size LBO crystal. Typical values for the natural width of G (2) for SPDC are, then, on the order of a few femtoseconds to hundreds of femtoseconds. If r 1 and r 2 are well controlled, the measurement of t 1 − t 2 can reach, in principle, the same order of resolution, making SPDC particularly suitable for implementing protocols for timing and positioning measurements with ultra high accuracy.
For example, consider a new protocol for one-way synchronization of two distant clocks:
we have clock-1 in a space station and clock-2 in the laboratory (Fig. 1) . 
where t 0 is the time offset of the two non-synchronized clocks. Then, we switch the signal and the idler, sending the idler to D 1 and the signal to D 2 . The registration time difference,
and D 2 will now be
Subtracting the two registration time differences, we have
where
. ∆t − is obtained from direct measurements and we assumed that r 2 is known (D 2 is in the laboratory). In some cases D is known or independently measurable, therefore the distance between the space station and the laboratory, r 1 , is predictable through the measurements of ∆t − . In other cases, r 1 may be given or independently measurable, so, the value of D can be calibrated in the above procedure with ultra-high accuracy.
In both cases substituting into either Eq. (5) We performed the proof-of-principle experimental demonstration in the case in which r 1 and r 2 were known: in the laboratory, long optical fibers of known lengths were used to simulate the nonlocal condition. The setup is shown in Fig. 2 . A single frequency Ar + laser line of 457.9nm was used to pump an 8mm LBO crystal for type-II SPDC. The signal-idler radiations (centered at ∼ 901nm and at ∼ 931nm respectively) were separated from the pump laser beam by using filtering devices. The orthogonally polarized signal-idler pair was split by means of a polarizing beam splitter. Before the beam splitter, a half-wave plate was placed in order to perform the two measurements described previously: when the waveplate is at zero degrees, the signal is transmitted to D 1 and the idler reflected to D 2 ; when the waveplate is at 45 degrees, the idler is transmitted to D 1 and the signal is reflected to D 2 . In both measurements, the signal and idler radiation were fed into two 1.5km long commercial optical fibers optimized for single-mode operation at 1300nm. The signal-idler pair was then detected by two single-photon counting detectors. After a large number of signal-idler pair measurements, a histogram of the number of counts against t 1 − t 2 (the resolution of the fast-timing electronics is 3ps) can be obtained. This distribution function corresponds to the G (2) (t 1 − t 2 ) function previously described [14] . consequence of intermodal dispersion in optical fibers, which is a known effect in fiber optics [16] .
The calculated width of the effective two-photon wavefunction from a 8mm type-II LBO SPDC, without the long optical fibers, is about 800f s. The measured width of
with the fibers, is around 750ps. There are two contributions for the broadening of the G (2) function: (1) dispersion in the optical fiber, which may be compensated nonlocally [15] [12] (the compensation is not included in this proof-of-principle experiment); (2) the time jitter of the photo-detector. The behavior of the biphoton in dispersive medium has been previously studied [12] . Using two fibers of 1.5km length, the far-field zone condition is satisfied.
Therefore, we expect G (2) (t 1 − t 2 ) to take the shape of the spectrum function of the type-II SPDC | f (Ω) | 2 with a FWHM of 600ps. Fig. 4 shows the central peak of the experimental data (for the case of half-wave plate at 45 degrees) compared with the theoretical expectation when the broadening contributions of (1) and (2) By measuring the displacement of the central peak when the half-wave plate is rotated from 0 to 45 degrees ( ∆t − = 5432 ± 1ps), and knowing the length of the fibers, the experimental value for D, using Eq. (7), was found to be 1799.9 ± 0.4ps/km, in agreement with the parameters of the fibers. Substituting the estimated value of D into either Eq. (5) or Eq. (6), the time offset is measured to be t 0 = 40369 ± 1ps, which has the same order of accuracy of the t 1 − t 2 measurement.
In conclusion, we successfully performed a high accuracy (picosecond) proof-of-principle experiment on distant clock synchronization (3km). Besides the implementation of the novel one-way clock synchronization protocol, this experiment has also demonstrated a novel concept of quantum metrology for high accuracy nonlocal timing and positioning. 
